respectively. To explore whether reduced TMPRSS6 expression level could improve 48 blood viscosity, the relationship between CGTG indel and hematologic and 49 hemorheologic parameters in 482 domestic pigs from continuous altitudes was 50 detected and dissected a genetic effect on reducing HGB by 13.25g/L in 51 Gongbo'gyamda Tibetan pigs and decreasing MCV by 4.79 fl in Diqing Tibetan pigs. 52 In conclusion, the CGTG deletion of TMPRSS6 resulted in lower HGB and smaller 53 MCV, thereby blunting erythropoiesis and improving blood viscosity as well as 54 erythrocyte deformability.
Introduction

57
The Tibetan pig lives at an average elevation of approximately 3500 m on Tibetan 58 plateau [1] , due to the availability of well-adapted extreme conditions including low 59 ambient temperature, high ultraviolet radiation, harsh climate, and low oxygen [2] . 60 For thousands of years, Tibetan pigs have developed complex phenotypic and 61 physiological adaptations to high-altitude hypoxia compared with lowland pigs [3] . 62 When animals are exposed to chronic hypoxia, the pulmonary artery pressure and red 63 blood cell count (RBC) increase, causing pulmonary hypertension and right 64 ventricular hypertrophy. Experimental evidence indicates that pulmonary artery 65 pressure, pulmonary artery wedge pressure, cardiac output and pulmonary vascular 66 resistance increase with increased elevations in pigs [4] . 67 The hypoxia-induced increase in RBC and HGB, thereby rising blood viscosity and 68 resistance, result in pulmonary hypertension and right-heart failure [5] . In the past few 69 years, increasing attentions have been devoted to identify the genes related to blood 70 physiology underlying the adaptation to high-altitude hypoxia for Tibetans [6] [7] [8] [9] , 71 yaks [10, 11] , Tibetan chickens [12] , Tibetan antelopes [13] , pikas [14] , Tibetan pigs 72 [2, 3, 15] , and deer mice [16] . Multiple genome-wide scans showed that positive 73 selection in human beings and animals at high altitude occurred mainly in the 74 hypoxia-inducible factor (HIF) signaling pathway [3, 6, [17] [18] [19] [20] [21] [22] [23] [24] . In this pathway, 75 EPAS1 (endothelial PAS domain protein 1) and EGLN1 (egl nine homolog 1) are key 76 genes that correlated significantly with hemoglobin concentration [6, 11, 23, [25] [26] [27] . 4 
77
The genome-wide associated with blood physiology also revealed that the gene 78 TMPRSS6 (Transmembrane protease, serine 6, one of the downstream genes in the 79 HIF pathway) was strongly correlated with serum iron concentration [28,29,38-80 43,30-37] , RBC, . This gene encodes a type II transmembrane 81 serine proteinase (Matriptase 2) expressing in the liver [47] , and regulates the iron 82 metabolism by controlling the hepcidin expression [33, 35, 37, 39, 48, 49] . A 83 genome-wide meta-analysis also identifies TMPRSS6 associated with hematological 84 parameters in the HaemGen consortium [46] . Current evidence allso suggests that the 85 TMPRSS6 variants were significantly associated with plasma ferritin, hemoglobin, 86 risk of iron overload, and type 2 diabetes in Chinese Hans [50] . Several lines of 87 evidence, mutations in TMPRSS6 are known to be associated with cause 88 iron-refractory iron deficiency anemia [36, 37, 41, 42, 51, 52] or iron 89 deficiency [31, 35, [53] [54] [55] , especially one mutation 736 (V) allele (rs855791) allele 90 tended to be associated with low Hb levels and iron status in humans 91 [35, 36, 38, 39, 44, 45, 56] . 92 In this study, we aim to probe into the potential role of the To test whether the observed CGTG indel was a hypoxia-selected site, the intron 10 246 of TMPRSS6 gene was sequenced in a total of 838 domestic pigs from 5 altitudes 247 along the Tea-horse ancient road (Table S1 and Fig 1) . As a result, 16 SNPs and the 248 CGTG indel were screened. Genotype frequency and allele frequency were listed in 249 respectively. In addition, the correlation between the allele frequency of CGTG indel 252 and altitude was analyzed and a strong positive correlation (r=0.959, P=0.005) in 253 domestic pigs was found (Fig 3 and Fig 4) , implicating that the prevalent CGTG in liver was significantly lower in DD genotype (n = 5) compared with that in the II 304 genotype (n = 5) in HHA Tibetan pigs (P < 0.01). In addition, the matriptase-2 protein 305 expression level was strikingly lower in DD genotype (n = 5) than that of the II 306 genotype (n = 5) in HHA Tibetan pigs (Figs 6B and 6C) . The consistent results from 307 RT-qPCR and western blot showed that the CGTG deletion leaded to the lower 308 expression level of mRNA and protein in TMPRSS6. 
